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(54) ORIENTATIONAL FERROELECTRIC THIN FILM ELEMENT AND METHOD 
MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an orientational 
ferroelectric thin film element, which is provided with a 
highly oriented ferroelectric thin film on a substrate, has 
proper characteristic and can be manufactured at a low 
cost, and to provide a method for efficiently manufacturing 
the same. 

SOLUTION: In the ferroelectric thin film element provided 
with the ferroelectric thin film 3 composed of a Pb system 
perovskite oxide formed on a conducive thin film 2 formed 
on the substrate 1 , the conductive thin film 2 is a 
polycrystalline conductive thin film, the ferroelectric thin 
film 3 is provided with a first ferroelectric thin film 4 
composed of the Pb system perovskite oxide and changes 
its composition from an interface with the polycrystalline 
conductive thin film 2 in the direction of a film thickness 
and a second ferroelectric thin film 5 which is formed on the 
first ferroelectric thin film 4 and has a composition constant 
in the direction of the film thickness, and the first and 
second ferroelectric films 4 and 5 have constitutions in 

each of which a c-axis grows in uniaxial orientation vertical with respect to the substrate. 
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=FX'$>iX. 

msmmi&mmK ABo.xm^ixiA^-^bcom 

mmtfP bXfiP b tf>La £MT£-££i> 

tw b *»4,4*if j: 9!fmi>'>&< k i, 1 at** p 

t mm^^mmumzm^xmm^ittim i « 
mnmmmt , mm i ^fMfrSRB^MSft 

«i.Tv^ fc k t>t, hu§s^ i mimm-mm 
bmm2^mnmmm^mmzti^xmBm i o 
3SSH8#^ei» t mm 2 mimmi&mjmim 

[ 11*11 2 ] «iB3iRm«K£«-f £ P bJfc*o7 
X*-f MWBHrt*, (Pb.M,.,) (Zr y T 
i , - y ) 0 3 •C*lb5nS3S9l«fttm*>fe!5rS *>tf)T* 

i- z b mw.btmt.rn i fs»«Mi8«ft?f]i 
[ 3 ] mem i mmnmmza \ ^x a , mis 

(Pb.M,.,,) (Zr,Tl,.,) 0 3 c7)y<Dffi#; 
0. 0 5J2LLO. 6OTT*->T. tNG^ttMmSI 

mb <7>mfrt>mmi}mzm>-oxmu i x z 1 1 

«ttfc 2lBttOlE[^tt3SI«#:^*^ . 

[ff*i s 4] l»IB»103jl»«*WHBt:*J^Ttt, WIS 
y c^m.<rmUK W9- 1 m*£ DO. 0 0 1 fiLhO . 1 

tiTxhh z b mw.btimmimmp\mm 
mt<m 5 ] mmm 1 mmwm?>m#. 5 m&i 

± 1 0 0nmfcJlTT'*l> i k 2r#at"«.|»1 1 -4 « 
[ 11*11 6 ] H?IB*«*\ Si. A 1 2 0 3 s Xtt^-f-V 

kww&shhet** £ t fciesi: *rsn*n i ~ 

[»*«7]|!IEIWBfftiWtt9HR* t . Au. Pt. P 

< b h i as- 5 o xhji^im-* Awrc* a i t 
[M«f si mc#tMiiiiiiHii»-iis 

BUia*& B B#«ttfiM±t . A B 0 3 AIM 



h<Ofl^7afe6*P bXfiP b fctLa 

g. atfNba»&fc*»j: oa(mi»^< 1 *> 1 at- 

^f^LTfJlB^ISifB^mttJiKW^lff^IfiJt^l 
fcoTttfcBttW-** 1 *>3S®m*SK£#J£tSI 
Sk. mlBmi^!««^ffi±t, ^l»S)Wf 

mmtm^b^ix 3 lt , mm #iwcrt 

XWMttiU: (Pb.M,.,) (Zr y T 
i ) OgTSftfoSiiiSttWflaHft^fe** 

b?IB3IIM*i»1II»* . »Sik**SWt$-e**«<?>« 
IWiifcfeiO* mffiy^a^o. 05W±o. 6JS 
T?*ot, friB» B B#«ttiiaik^s*^Pf^ 

mm . mmm 1 <wmmmmb Lxmm-h z b 
mmbtmmnsmmmmmmmmmm^ 

mm 1 0 ] mm 1 mwmmmmmm 5 

mmXkl 0 Orm/ftVXTXfo&ZbmW.btimS< 
[0001] 

vzcom&mmi. mi<n, dram, mm^ 

RAM (Ferroelectric RAM) fB#-fA°i^-, 
[0002] 

mmmiMfwmmmLi 0 b-tmmi smik 

ISit, iiM^^jrPZT, PLZT&ifOP 

m z b & k ^ a mtfr* lt*3 d . s^ib» 

[0003] *<59fc*> . PbTi 
0 3 , (Pb, La) T i 0 3 (PLT) „ PZT. PL 
ZT\ Pb (Mg s Nb) O s (PMN) ^k'OPb^ 
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i o o o 4 ] u>u *^ B a«±(c m&m&m 

[ o o o s ] ( i ) p b^or^^-f hmmmmm 
mma±m^xmmmm^m^fz^. mm 
fmkmmmm^ti^xmw^m ?m mmt i tz 

MZ9 0" YtJyimfiLZtV&t^. HSt. 9 0° 

Jittti tm^Wsx-h iztfrt>. nmt. mm 
im<niz^^m.m^x, ^mi^mm^iza^ 
xwfiLcommnfcx mm^mx&mm^^m 

s imm^A 1 2 o 3 *«^fco, mmmv'hz^tt 
mfr$,%&mxi>&nfe&t. mmmtxmmj) 
zmzmmtt-Wi-tz**) . 90° v^^ymm 
+wzwm-ti z ttfrnxhi. 

[0006] (2)*fc> ZiltX'lZti, affile Pt/T 

immmmiKsimuiizmmcopzTmm- 

lUmtLX, V—f-TW-VBy (Pulsed Lase 
r Deposition) ffifciO, Pt/Ti/S imSXhZ 
PbTi 0 3 £f ^TV-hJi i LXWmzBflLL. % 

<r>uazY)v-y!vm>zx *)pzrmmm^^ti} 

WM%ZtlX^Z> ( Jpn . J . Appl . Phys . Vo 1 37 (1998) , 
L5128)fr\ ^(Dm^miZ^flli, PbTiO s «& 

m&tuziz. mio-sp a&±cr>msM^Txmm- 
&zt ®mx\ mi-*y^-%t'n£mm<7)3z 
htf^mizmttittkiz^ mmmmmmix 

[0007] im%m&£k&fo£m^&z.bi 

■/Ml, 

[0008] mhhu, ±M&m&iffli-tht>(?)? 

tt* W T\ fiaxb xm.tt Z fc aWSSfflttBl 
i < »3tt 4 £ 1 36W3r«3Sirffi*iittt & £ fc * 1 
[0009] 

mmmtktx o btt^m mmmmitz 
mmb, mmm±m^htzmmmmb . m 

-t£l> £ t lei D«$^^« B B H #«tt»)i-C* 0 , la 



7C*j&* P b Xtt P b < J; *> L a i, CO 

BlM KOflJjftTafe^T i , Zr, Mg, SIX 
N b 0attf*iS4«5:< i> 1 a*CS>S P b 

jf^ufxtiJ hMtt.®frt>B$.2tiXi5<0 . fr~o. m 

tz. mfiMzfap-y xmmfi-'s.xhiw, 2 <?mm 
mmmix^i bbuz, mm 1 mmmwm 
tHES2 crmmmmnm^mtem^xmzm 1 <n 
mmmmb wm 2 nmmmm&mmm 
K.frL mmizn ix c mmmz 1 ®mmm% 1 
x^tibmmbix^i. 
[0010] *wm mm 1 ) mimwimm 
mmt. mm±izmtiiztitzmmmm±^ mm 
mmmmivrzffim%timmmwm^z& 
^x. (a)mmmmimmmmmbi. <t>)» 
mmmmz. mnpb&^uyxxj vmmt^ 

xmmmktzm mmmmmb H « 1 ^fsn« 

«7)»2«3tSi«ft«IRi;*«liT^kfc«>t:. mi« 
3«#«1 i: ® 2 <7)5$il»#»«<?)t«#gp l,Zi5 V ^TM 

% 1 ^i««*ff «fc m 2 mmmmm*m.iz% 1 
xcmmmtzi$mfo8t%it:mf&b ix^icox. 
&m**--m£m*. tzb mmx\ ±%^m. 
bxiv j-y?mm& z b mmxh ~> x , mm 
mmb ix h mmti z t mmzmmmm 
mmmzm z bmmz%& . 
[0011] -ttthh. m±m^titzmwmm 
Hz. Pb^nrxtj h®mfrt>%&mmtm 
mmm^hfzffim^i-immmmmwz, m% 

izbmmxh *) , frfrhmmimmm? t, m% 
mm:ikttiK mmmmb ix^w*y*)vm 
ffML x ob-t&b. TMbKmzmmm&ikx* 

Jf^^J3<£i:{c=5rl.^, *B»9!te*J^m 3SP1 
ffsffl!^. #*SJWW1HKR±t:je«S*iT v^S t b h 

mmz% 0 . &ax hx$m.c?>m%mfommmfc 
mmm^mizbmmiz^i, ^ Mmmz 
nixmm^z 1 mmmitzmm%i-$><<'a7X7i} 
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zbmmizzi, 

i o o i 2 ] tiz, mm 2 mfam.wmmm=F 

KM»\5C: (Pb.M,.,) (Zr y Ti H > 0 3 T 

[0013] WSMtifflte fflfrl P b&<u*?X* 
^hlM»\it: (Pb.M!-,) (Zrji,. y )0 

tzmmmmfommmmz z t mm^t . 
[ o o 1 4 j mms^m^mmmimmmT 
it, mumicomtmimwjzii^xii, west: (p 

b.M,.,) {ZrJi,- ? )O3«y£O»'0. 0 5J21 

±0. 6J2rrc*ot\ it!iE^»B a B ««tt««fc<7)#ffi 

[ 0 0 1 5 3 S 1 W§tlM*S«fcfc^TI±. * : ( P 
bxM,.,) (Zr y Tii. y ) 0 3 OycO«SrO. 0 5& 

±0. 6 art is t*Os mmmmmtmmfr 
mmm^m^mmtt z bmrn& o . *wwi 

0. 0 5J3U:0. 6WFtWz<Dli, y<mtfiO. 0 5 

*it t . si 1 <oaas«*aK&»jfit«. p 

[ 0 0 1 6] fK3S4«ffif&jtt5S!S«ft«l3S^ 
li, Miami ^tWtSHBfcfcvvcii. Miay^ffl^ 
SE-fc* 5 . HWliu&fc'JO. 0 0 1 ELt 0 . 1 fiTFC* 

[ 0 0 1 7 ] HI 03j®WI*aiRt*J(t I. y OftoSHfc 
£s fm lnifcfcDO. oouiho. lOTkUfc* 

o , *®mi x *) mm t>ut>&zt & . * 

fc, yOSMlfc. BWli«*fc"5 0. OOltUiO. 1 
JJlTk LfcOJi. yVymttfO. 0 0 1 %ffifc%l b , 
^^'/J^f#"tllfflSTO*<, 4fc s yOSSfctf 
0 . 1 Srfii.Sk, SCfl^^Si-rcMBWtt^BR^IS 
lltt#<£T-f&£kfcJ:l>. 

t o o 1 8 ] *fc. imsra^sMmificinR 
ami , Mfam i ^sisiifr^wisw* 5 . 5 mgu: 1 

0 OnmOTT'*^ Z t Sr#ttk 1X^1 . 



[00193m mmmmnmz . sm^jub 1 
0 onmiyTt Lfc*&, § ferawaaifaowtt £$m 
tizt mmz% 0 , *wim* 1 mm $> u>* 
z t tfx-% * . as , is 1 mmmmmcomm* 5 nm 

~1 0 Omfc Lfc<0li, JI)¥#5nt*)iT1i. »2«0» 
SWttSHSfc-HWra;* £ »i 4 £ t -r , 9 0 0 

f^m y<m&& m it- h z t ^ mit>?i> 0 , 
4^, mw^i ooni^jBist, i¥i-??xmmmxit 

[002 0 3 it*J|6«K|fiitt3ftp«*?fiK«^ 
14. HirfM* 1 , Si, A 1 j 0 3 , XJi^^yh'fiO 

[00213 ^mmmz^mi, mcozt < , m 

mLtlx. Si, Al, o 3 , xii^-f^yKw* 

[ 0 0 2 2 3 R^7(!ie*iia»iiim 

54, ltia^te B B B #«tt?f^\ Au, Pt s Pd, R 

1 8$ 5 0 %jy±*irf i^iwcft* £ i: mmt L 
[00233 mmmm mt a u , p t , Pd, r 

h, Ir, Pd^^Wffl*»^±)J*kt4t»OT 

[ 0 0 24 3 *fc, *Kra («*3S8 ) OiEffi]«!i 
*#W«t«^«Bi*ffi{i. «Ui(c|«AmfBIII 
*»Jfi-T4ISi:. friB#ISft»«ttatBU:t:, ABO 

A^>f h<7)«jt7C*!() S P b Xii P b 
< k a Wife 9, B^h^MftTC 

#^Ti, Zr.Mg, &lfNb*>^*«J:i5atf<t 
14?%< b t> 1 P b jR^n^*>f Mti» 

<3=5rl» , c W«i;SltlIt 1 HEMttJi v > 

hmmmmmmiJMt zsmmmmmm 
i«ftis«&ji : Mti»xsi, iriami^i«*« 

[00253 (11*318 ) Wgfi|6ltt§ijiS«ft^ 

im. ^is B H B «*tt«is±tPb^D7"x/M hit 
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mmmmmm-ixmvii, mmmm 

mixmrnwrnrnm^mmizm^x 
«wwEflrt-*» i <oaffiWfwm*^jsi^ « i ^ 

**j:dtffiiftUT, mmizm^xsmtf-fex 

t\ g^^-s-ftwtu izb mmx\ iztwt 
mmtM vi->?im*®izkmtt?fo-ox. x 

[ 0 0 2 6 ] If*a9c0fil*]tt?lli«#:ff^*^ 
MMbMsP* (Pb.M,.,) (Zr y Ti 

i ) o^xmb^timmmimmp^i mx% 

6 JETFTft -> T . mie^te a B B #«tt»iK fc 
W*|S|Kffil3& i ->-CiMJfrtl,J: 3&PbJKn7'.X;>W h 

zbmmix^i. 

[0027] mimmmmmmmmfcztt 

ifibmrrtZblzX*). y<mtf0. 0 5J2LhO. 6 

mmm mmmmmt ixm&tz zuz^n, 

mmz-irmzmii z 

t x -f -y i-ym&mi z t awe* t , me 

mm?z zmmzsm-t i ztv-simztt*). m 

t o o 2 8 ] a* , ft*n i otm^mmwrnm 

5w/WX±. 1 0 Onn/WXTX'foh Z fc £««fc LTV"i 

So 

[ 0 0 2 9 ] IS 1 <^»gW*TOcOBfeSa^«i, 5 nm/ 

a-at i o o tu/mrx-fo &zt imt 1 1 *\ ; ft 
o o nm/^&.±xmmmmx^ B m^mmn 

[00 30] 

[*itw] jar. ^mmmmmmmtx. zcom 

b^hbZh^^hmh< RWt 4.11 

[0031] i^EKnewwttoiaiw. a«#3 

-f ff-OX fgftS i (10 0) 0 , 

om\m ( s i o 2 ) 1 1 . «k i ± 

«§ft*l*fi«P t - T i R (££A*ttt?f 



1 ) 2 1 , £»A*Ctt!tlR 2 Ji WFM£ft*: Pb«^ 
n7"X;M hIM*a^&§3$iM*i«3t£ffix.T 

9 s ttRttft&jR 3 « , mmmmm 2 1 <ome 

5tK4i % Slo8M*«fl*K4±fc#jfc3fifc, 1RV 

x\t, mi <nmmmm4<n%m&wmmw2 b<n 
%-mzmumtePb (zr 0 . 20 Ti 0 . 80 ) o z x-h 

*). »2«3»K«#«JR5fcc?)J«|f»t:tJtt6iHJSIiP 
b (Zr 0 . 62 Ti 0i48 ) 0 3 ?*>£. *fc s 82*>3j[R 
«*HM5coa^iPb (Zr ( , H Ti M8 ) O s T\ 

* 1 oasmftgiu m2<mwmmm 5 1 com% 
mzmm&m-^^x^t, ttz. z<nmm 
mmmmm^z&^x. mmmmsa. mi 
izttixc mtmmz 1 mm^^ ixm. 
[0032] mz, z^mmmmmmm^mm 
nmzi^xmmti. 

(i)t-f-. mtLitLx. mmtu y^s i (10 

i>tiS!i si (100) bzmt>tiH><DX"li%< . 
Si (ill) 4*S I (110) Kb'hWl-tZZbtf 

vm^Mmtz, z b mmxhi. 

[ 0 0 3 3 ] ( 2rnifrt>, znmizmihmm 

(sioj) mmztitzm. 1 ±t , d c h o 

yx;^y9Vy7' ! m.Z^X. 0. 2Pa (R 

: 0 . 0 2 P a ) : 4 0 0°C<0*# 

f\ J«JI5 OnmcOT i WR. 0 OnmcOP t« 

M*5ittLTiHS*lfiftS*S bl/Zi. 9T i ffltRVP 
tJSSr^HL, TiliMttM^tPtB^, 

*s 2 wnB^wjHmeni 2 &»^-r & . . 

Ti«RRVPt«liH:. «^f'-AX^^, RF 
xn< y 9 \) y?-%_ A ^-yt'-AXA"7 ? U E 
c rxa- 7 ^ y y?%&MOCVDmwz£ M«t 

[0034] (3)^tC, ®2(C*-f id&MOCVDJI 

[ 0 0 3 5 ] £«HWK-fflV^cMOC VD^B 
SMHI-t* ^ t* s T"# !> J: 3 K««S*ifcKffiS»2 1 

mixti *) » cox2E»»2 1 fcii. tfxm&m 5 

2 2 , £«2 4 ^Mi-rSteftOffiRSBRt-^ 2 3*i 
SKSilTV^. SfelC, £«MOCVDSr»4. Pb 
WVit— 9T**Pb (DPM) , (BMc) Sr^-ft:$ 

* £ fc^coH^t;^ 31s Zrff)TV*} -VX'fo h Z 

r (o-t-c 4 h 9 ) 4 mm *wtzitit:»x?)tm 
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fvffct! 3 2 , rut i cor y x-vx-h st i ( o-i- 

C 3 H 7 ) 4 (ftft) £^t£tfi>£^»««3 3 
fcflttTfc 0 , ffl*MWt»3 1 s ««3 2W3 
3 £8 V vc«fe t!t P b . Z r N T i <0«m*4Mft(i 
•f-iVfil, v^.70-r?>hn-528, 29, 30£ 
(KMSWArW (*-vU7#*) 35, 36, 

3 7CJ: D«^II2 1 iTJlfcWU b b ifcs o 2 *' 
x 3 4 ^'*?X7n-ay h o-9 2 7 5rgT«^H2 
1 fc&fcSfi* J: a W«tS*vn*. 

[00 36] CltO^t^J^fcUTii:. ±?i«J; 5 K« 
$il&MOCVDgS£Jfl<,vts PbtZr(0^t'J7 

^wsat^SHirrs £ k jc j: o , *^^2 1 

$m*fflM2 b mm^hmmmm^xm.mf 

mm 2 bcomfrt>mnmm>iximvf& > $ 
i mwmmm ( jk*» 5 0™ > 4 1 , g 1 oam 

PblK 130 
~ Z rBft 35 
T i BPr 50 

[0040] 4fc s H3fc, ±B<oJ:3fetrjtt«s<i 

fc. ^ig^«tt^K2tco»^MJIA-(6l(ct6l7!! 1 o 
T Z r WM^^aiJiWttiBlItS^ 1 «?SlS«#:»)i4 

k, ISl(^Sffl!«fWlil4±fc»jRS*ifc, Hfttffifc 

fcPb (Zrji,.,) OstfJffl^T^bSfLiSttWt 
Zr«ffl«i:) cO^Sr^-T. H3J:19, 

mm 3 jr 1 <r>mmm»m4 <n y mm* 

*H6t£SroTV^£ fc. ft 1 k£20&£$«ftSlR 

4 , 5 cO*BttJ{tS» 1 <Daem#»K4 (?)y «0« 
k , H 2 DSmft&ig 5 0) y tfH&M iBH-?* t £ 
btfbfrh. 

[0041] [JfcRfl] 04 fct lt«Jfc*>A»S3$f«; 

#I£AS i (10 0) *^3^l.*«5 1 b . a 
«5 1 i«?iifc»P t-TiB (^fe&3£ 
*4»Jg|) 5 2k, IWJHWtt»«52±*c»JSS*l 

at , xmrnt-gxh tPb^ay 

xtsA vmm^^mmmmm (Pb(zr 0 , M 
Ti 0 . 48 ) o,mm) 53bimifzmztix^ 

t. 

[ 0 0 4 2 ] . ;0ib«W^a«#«R*^(i. 



£?*&SS2<3»»*flcaER (1UW64 5 Onra) 5£}g 
tf&t* dkfCfcOs HI fcjjrf J; 3 &Si*itt!ftffl1Ktt3f 

[0037] AfmiCU. £BE : 1 0 0 0 P a (Kffeft 
JE : 5 0 0 P a ) s SKfiX : 7 0 OT^ftT".. m 

mmm®2±.tz, mmmomcomnmmm 

4, R13*» 5 0 OnmCD^pmifK (PZT 

[0038] tea. zffy&mizto^xii. m 1 «3s®i 

«&1JS4«»££, Pb (Zr uo Ti, eo ) 0 3 *> 

tPb (zr,. 5! Ti M8 ) o^mx-mzitib 

kt>fc. «2^iIf«*»K5««^Pb (Zr U! 
T i o. 48 ) 0 8 -Jgk Ufc. **J. ?S»t«ft?ffi ( PZ 

rmm) 3<op«Krjsi»feft**iK^r. 

[0039] 



(D±IBM«^^kIBl«ttT. #fe^S i ( 1 0 
0) *><b*sa6K51±C DCV^hnv^tv^ 
U y^ffifc i 0 , ^J± : 0 . 2 P a (KJR^JE : 0 . 0 
2 P a ) . ■ A 0 OWt 1I5 OnraO 

T i «Hk , HUE 1 0 0nm^)P t »KSr^ LTJfiiW* 

izbizx*). r imb%n±.mtiti}titzp tmfrb 
tcimgkmmmm 5 2 mmt . 

(2>*LT, Pt|iK±^EMOCVD^fcj;i9, ^ 
BE : 1 0 0 0 P a («*#jE :500Pa), SSvl 
tt : 6 0 Q°C<7rfkftX\ W&fi 1 m ( 1 0 0 Onra) 

mmi z. b t j: 0 . H4 K^ti 9 &jt«»o$ai8 

[0043] [MWkitKMOlfcK] 05 «i*«HJl 

IS»ft«lO«SEMf»^^1-0, 06(i»^O 
SQIWfcfc S i SKhHttft Ufe P Z T/P t /T i 

?fll<7)P-Eh^r'J^x;l/-7°Sr^-t0-C-J>l>, 4 

tmmmmm (mm 1 o o o nm ) to^r«m#tt 

^fffiiL^iSa$'*2fc*-r. ^fc- ^2ti5V^T, t 
an5&^ttSW«i. 1kHz, 0. 1 VT'«ii5t« 



(seem) 
100 (A r) 
50(A r) 
50(A r) 



(Pa) 
500 
500 
500 



500 
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[0044] 



[»23 



m 


tan (5 
{%) 


mm 


ft* 


PZTII 


3.1 




Mtff :1000i» 




6.3 


250 





[0 0 4 5] 4fc, H8(±Jt»J^| 
«-TI»3^I«*lSK<7)«fflSEM#&^1-|l. 09ii 
ttHtWUCfeV^TS i iRhKMLfcPZT/P t/T i 
aWfcXRD^-yfciKtBL HI Ot4it«SM«3fiSi 

mm-mmwfm m<n p-Ebxfy 
mm^mfm-tmmmm (m i o oo») to 

[0046] it«McO§ifi«*mc7)*ffiS E M$£^ 
Bt^fflS E Mft^-f H5 i 9 . 

»« ( pztwm) it. mm&ifimffmmm 

[0 0 47] ifcKWfcfc^T, ItiCMLt 
P Z T/P t /T i IfMOXR Drt?-y £ ^-fH9 Jt 

c?) s PZT (00 1 ) PZT(1 
00) «t-7#mS»4>:h.l><rh^ 9 0° M-fy 

*>*»«.. £<3fc. W>t-^SWBi*«Sr •}«<+*(!« 
iM;LTV^<r btfhfrl* PZT (00 1) 
WD-ydfy^-7W-i!ii«i2. i° rfcofc. ift. 
fc» L . is^tllil* Lfc P 

ZT/P t/T i JJJ^XRDA?-y£jj«t06 J; 0. 
P Z TafflBi^n^*>f hWB&GP Z TfcWf&ftL 

Tfc^, pzto (ooi) smtrv^ifc^jft* 

S. PZT (100) ^t-^fg^ftftV-C 

fc?K>s 90° M4>WIMl5fiTVvarV>£fc#;b* 
h„ PZT (001) tf0n-ydfi/^-7'<?)^ffi 
6(±0. 4° 

[ o o 4 8 ] $ h \z , mmmmwmm^v- e t 
xf'J ^x/w-r^^-rai o*»fe, »s^»«i:»i 

[0049] iftfcftU *H^0B«*WJO^P«* 
ff^«P-EhXfUxX;l/-TS:^tll7*^. 
#«Iii»4 0 ju c/ci* 0 , GAtt^A 

[ 0 0 5 0 ] $ <3 fc. H2 <fc 9 , JtMI^I««#:»K 
St?*fflaW-*3ISWf«iWi. tan $#6. 3%. it 

rnm&2 5 oT**«te#f ut, 



it. tariff^ 3 . 1 %» itfflW6 7 0T'S> D . *K 

[ 0 0 5 1 ] J5r*j v ±ISHit«T1i, Jt£8»te«fc§ 

t«Zr J# fc gWWCSHb ( 4Un) Stf* J; 3 I 

[ 0 0 5 2 ] »R«^nROflKR#i£{: LTteM 
OCVDStPl^-f, 75XVCVD, if'-CV 

[ 0 0 5 3 3 ±ie«ftMT1i;. dp U TUfXffM 

nmmmt, mmcommsi. fnwjtwmi 

[ 0 0 5 4 3 iBSmtWCtt, P b fc Z r<0#* 

y T$x<miM& war*-* £ 1 1 «t 9 , a^SE»cfl»ft 

Sft*SMMm«*«ajS*SHtS*4 <t -5 1 I/O* 
*«. ZrtTicO^UT^oati, t>t<J4, Pb 
t T i <0df ^ y 7^X<0i»SriM»t* ; t K ± o T 

[00 5 53 $ fefc. JJESQSMTJi, Pb, Zr, T 
i O3a<7)M»^S'I^<50m«*^ffi^t--& i 0 fc« 
L/t*\ fc^tftPbtZrfcUllPbfcTi^l 

[0056] *HB9!ii. $ tt^oflSojStfc^T 

[0057] 

[»»] ±^J:dt*fl»BH ) C01H 
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fr^xmrn-mmmmmmmi mtx^z, 
bbt>£.m mmmmmb®2commtmm<o 
m%mzm^xm%mmHmmi< , a*o. mm 
mmmmh®immmmmbm<om%m 
mmm.^nLxcmmmz 1 mmm^itm^ 

b lX^lcr>X\ mjm^-U^zWillc\b-/M^ 

x\ ±%^m.bx-i -y-f >y<m&zmz.bmffi 
xfo -3 x , n^mamwb ixi>$mtizbm® 

[00 58] M±tsM§^*«tt an 

K* 1 !S5t6ix^«5t^l"tl»^!im»M«i 1 (±. SIS 

■Y/m^jftfiLJ: 3 b , TMbzmmmm 

i: fcfc, MfcW LT c «u6»set 1 NKAAJtlsftM 

mm-*m z t mm&i . 

[ 0 0 5 9 J 4 fcs fl*Il2^Seitltt?S!M*SP*^ 

MMSIfcS*. SC: (Pb.Mi.J (Zr,Ti,. y )0 3 

WM'&mmwmmm^m i z t ^mc&i. . 

[ 0 0 6 0 ] 4 fc . m$3 3 <mfflMM*9Ht*? 
<Di3K, mo3®«tt»«fcfcvvai. (Pb 
,*!,-,) (Zr y Ti!_ y ) O 3 c0y««^0. 0 5J2UL 
0. 6&TfcU ^*ift*«tt»iRi:cO#ffl*^ 

[ o o 6 1 1 4 ft, im4^iikriamfMfR»7- 

®mimhti*)0. OOlfilhO. ljyTfcW:* 

s ^mmmmmmmti z t mmiz% 

[ 0 0 6 2 ] 4fc. f»*II5|fi*^l2(S]tt5SPm^ 
± 3 fc, » 1 ^SKfMcOiSJPSrs SninfiLh 
1 0 OnaOTi: £ fefcfl@StC55fa<0«ftt*£ 

hZbtfX'th. 



[0 06 3] 4£, *«WJIlcjSVYCIi. ±^«Tfc 
ftv^>\ If*iB6(7)J: -5(c s MRi LT. Si, A 1 2 

^hz.bmm,z*£h« 

1 0 0 6 4 ] 4fc, II^T^gertttSIsWftjSffi*^ 
(Oidfc, *BftSWtt9i!56*< Au, Pt, Pd, R 
h, Ir, Pd«^WW^a»ini>OT 

*«r^t*t}. §^>titttiisr±$*s«ii:*«ngt:* 

[ o o 6 5 ] *£, «>i mmm ) mmmm 
9,mmm?cr>wm>mte. mm±izmmmmm 
m&im. mi^mmmm^zPb^afxA 
a vwskfrt&h. c«*«insftasiEt:» traits 
i mmm ix t ^auirifmiifrjeuM- * a 3 1 l 

LTt^wTs a«*s^-*iflit:»i.&it*f5rie 
, »*sia««#:i ix mmh ztmm 

[ 0 0 6 6 3 W*lM9<Offi[6]tt5SK«*ff]l*?- 

fllS-MrtffeflafrtiikfcJ: 1 ). y^ffl^O. 0 5W 
±0. 6felTe*oT. #te^«tt»Mt^M*^ 
iif^fcft^TitfSirtl. i: 3 5rP b^D7"X^^ 

h«^si«M&m i mmmmb ixmti z t 
fcio. mttm-xmzMi izb mmx, ±* 
wimsikbxj v^>mmmz.bm%kx%~> 
x. nmmm&b ixhmmizbmmm® 
mmmmmmz x mmmmtz z t mmiz 

* 9 . *IIfl B J^ 3 <?> tft* £ b ifiX% h . 

i o o 6 7 ] *fc, if^Jii o<osmflam«fMi8R 

^coWfttrifeo J: 3 fc, ft 1 <bttR«MSoifi£auS 
Sr 5nra/#JJl± 1 0 Onm/^OTi Lfc«^» ^fsttOft 

[Hi ] mmco-mmm^^mmmmm 

mm^i^mmmxhi, 

im2i *wmmmmmmm£&^x. pzt 
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Ml* J&ttt* to CfflV VfeM O C V D 8« OtW&H"C& 

mzmm-mmmmmnm s e mir* stsrc 

[06 ] ^ffiUHj^ftWcfc^T S i MLHCJIMI 
£PZT/P t/T iffRcDXRDA^-ySr^HT* 

m^mm-mmmmmto p - e t xf u vx^- 
mmm s e m«* jsta-c* 4 . 

[09 ] JfJttWfctnvrs i aS8Lhfc«*ttePZT/ 
P t/T i »JR(?)XRD^->'i^®r*a. 
[010] ibWJcoMS«*?fJi*^^«^-tl>§II^ 



1 

2 
3 
4 
5 

2 1 
22 
23 
24 
25 
26 
27- 

3 1 
32 
33 
34 
3 5- 



•30 



pt-Tisnmr B »*ieffo 

SttMEfMIR 



-37 



BttSWfcS (Pbffl) 
fcttSWHS (Zrffl) 
»*SWfc» (Tiffl) 
0 2 #X 
ArtfX 



[01] 



[02] 




3'.- 
35- 
36- 

37- 



[03] 





100 ZOO 300 400 500 



[04] 
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(51) Int. CI . 7 

H 0 1 L 41/08 
41/18 
41/22 



FI 

H0 1L 41/18 
41/08 
41/22 



<##) 



1 0 1Z 
D 
Z 



F^-A(##) 4G048 AA03 AB01 AC04 AD02 AD06 

AD08 AE05 
4K030 AA11 AA14 AA16 BA42 BA46 

CA04 CA05 FA10 HA02 LA15 
5F058 BAIL BB05 BB06 BD01 BD05 

BF06 BF29 BF37 
5F083 FR01 HA02 JA15 JA38 JA39 

PR21 PR22 



